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Enabling CMCs for combustion environments requires
protective environmental barrier coatings (EBCSs)

H. WadleylPM Research Group

A CMCs (SiC fiber / SiC matrix) Website Accessed 2018.
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EBC fallure modes need to be better understood for long
term application

CTE MISMATCH

A Steam reaction: Si-based ceramics e
volatilize in steam = e

A Bond COat Odeat|On Weakens COMPATIBILITY i e nie e
interface, promotes delamination

A Thermal Stability: Phase/property
changes during operation

A Thermal Expansion Mismatch
A

A Tejero-Martin et al., J. Eur. Cer. Soc. (2021).
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How do we develop a lifetime model for EBCs?

Lifetime
Modelling of Kinetics/Thermo, FEM
EBCs
Material EBC/SI/SIC
(chemistry, thickness,
Changes roughness, density)
Laboratory (I\Ii)é?hecgicrlgleonésl Environmental
TeStIng geometry, CyC“n’g) (T, P, V, atm)
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How do we develop a lifetime model for EBCs?

Lifetime
Modelling of Kinetics/Thermo, FEM
EBCs
Material EBC/SI/SiC

(chemistry, thickness,
roughness, density)

Changes

Experimental Environmental
Labora_tory (Methodology, -
Testing geometry , cycling) (I, P, v, atm )
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Capabilities: Focus on cyclic steam furnaces

Nuclear Severe Accident Test Station 1-h cycles: automated cyclic rigs
Rubotherm TGA High Temperature Furnace Air + 90%H,0, 10 min cool in lab. air
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2005 cyclic rig: 2019 cyclic rig:
1350°C maximum 1450°C maximum?*




Methodology + software developed to measure kinetics

Non -uniform TGO in multilayer EBC
1. Undulating interface
2. APS Si microstructure defects

1350°C FCT in 90/10 H,O/air
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Open Source Software:
https://github.com/TriplePointCat/SOFIA  -CV
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EBC: median better, distribution not normal
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Methodology for assessing EBC performance is based
on bare SIC/SI oxidation in air and steam

Temperature (°C)

o _ _ 1500 1400 1300 1200 1100 1000 900
Silica in steam: EBCs to prevent evaporation 9 Si(OH), 05 . . . . . . .
AND reduce scale growth rate
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Specimen geometry: Serial Sectioning does not impact
on oxidation behavior up to 500h Optical Microscopy

1250°C, 500h

(Y/Yb)DS EBC on R2 SiC, 1250°C,

- 90% H,O (g), 1-h FCT

Serial Sectioning
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|_

3-5 measurements/um of
TGO over 7 -9 mm total
sample length
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Specimen geometry: Long term impact?
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10 Rapid increase in Ox. rate with YbDS EBC

Circular & Rectangular Geometries
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Breakaway oxidation generally
occurs above ~800 1 -h cycles
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Furnace ware contamination Is a concern
Example: Al contamination in 1425  °C steam from tube/holder

SEM/EDS maps |10um

Al,O4 deposition on
sample from reaction tube
AlL,O; + H,O = Al(OH) 5 (g9)

1st gen. YbDS EBC after 100h, 1425 °C, 100% steam
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Mitigating high -temp furnace impurities 0 Protective
coating for furnace ware?

Data from:MeschterQOpila, Jacobson,
Ann. Rev. of Mat. Reg2013)
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